Most forms of osteogenesis imperfecta are caused by dominant mutations in either of the two genes, COLlAl and COL1A2, that encode the prooal(I) and proa2(I) chains of type I collagen, respectively. However, a severe, autosomal recessive form of OI type III with a comparatively high frequency has been recognised in the black populations of southern Africa. We performed linkage analyses in eight OI type III families using RFLPs associated with the COLIAl and COLIA2 loci to determine whether mutations in the genes for type I collagen were responsible for this form of OI. Recombination between the OI phenotype and polymorphic markers at both loci was shown in three of the eight families investigated. The combined lod scores for the eight families were -10O6 for COLlAl and -11P2 for COL1A2.
Further, we examined the type I procollagen produced by skin fibroblast cultures derived from 15 affected and 12 unaffected subjects from the above eight families plus one further family. We found no evidence for defects in the synthesis, structure, secretion, or posttranslational modification of the chains of type I procollagen produced by any of the family members. These results suggest that mutations within or near the type I collagen structural genes are not responsible for In contrast to world wide figures, an autosomal recessive (AR) form of OI type III is comparatively common in the black population of southern Africa, where more than 70 affected persons have been studied.'""5 In general, recessive inheritance of this condition has been inferred on the basis of recurrence of the defined phenotype in sibs born to unaffected parents and the frequency of the phenotype. We performed linkage analysis and examined collagen synthesis and secretion in skin fibroblast cultures to determine whether mutations in the genes for type I collagen were responsible for this form of OI in southern African patients.
Patients and methods

PATIENTS
The patients and relatives who participated in this study had been examined previously and were derived from reported series of affected persons in southern Africa.1'-9 On the basis of genealogical, phenotypic, and radiological criteria the affected subjects were classified as having an AR form of OI type III. The pedigrees are shown in the figure. Apart from family 1 who were of mixed ancestry (African Negro origin with Scottish and Indian admixture),'9 all the participants were from the black populations of southern Africa. All affected subjects had severe dwarfism, multiple fractures, and marked skeletal deformity owing to bone malleability. The sclerae were white, or in younger children had a slight blue tinge, and dentinogenesis imperfecta was variable. Considerable intrafamilial variability of these latter features was recognised and so they were not considered to be indicative of syndromic heterogeneity.'8 Families 1 to 7 were selected for study as there was more than one affected subject born to normal parents. Families 8 and 9 were included in the study as, although the condition occurred sporadically in these families, the phenotype of the affected subjects was indistinguishable from the familial condition. In all instances, the parents of affected subjects were normal. 
SCREENING FOR TYPE I COLLAGEN DEFECTS
Methods routinely used in the diagnosis of OI32 were used to examine the type I procollagen produced by the dermal fibroblast cultures established from affected subjects and their unaffected relatives. Examples of defects that have been identified using these methods have been previously published and show their efficacy."6 In all instances, the type I procollagen and collagen synthesised by the cell cultures migrated normally relative to that of controls, the ratios of the otl(I) to a2(I) collagen chains were normal, there was no intracellular retention of the chains, and there was no evidence for increased post-translational overmodification of the chains (results not shown). 18 In addition, in the previously reported family of mixed ancestry with a similar form of OI, subjects were affected in two branches of the same family.'9 As the frequency of recurrence of OI type III in the black population is far greater than the apparent frequency of recurrence in other populations, it seems unlikely that gonadal mosaicism is the mechanism responsible for the recurrent phenotype in all families.
Discussion
We examined the type I collagen produced by skin fibroblast cultures derived from 15 affected and 12 unaffected subjects from nine black southern African families with the AR form of OI type III and in no instance were defects in the synthesis, structure, secretion, and post-translational modification of the composite chains detected. The absence of increased post-translational modification (increased lysyl hydroxylation and hydroxylysyl glycosylation) is significant as this secondary abnormality is a useful marker for the presence of subtle mutation altering the integrity of the collagen helix and the extent of overmodification along the a chains of type I collagen has been used to localise mutations.53040 On the basis of these results alone it would not be possible to exclude the involvement of type I collagen defects confidently in all families. In 16% of cell strains from subjects clinically diagnosed as having OI 
